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INTRODUCTION
Probiotics, which are live cultures of harmless bacteria or yeast species that equilibrate intestinal microflora to benefit the host (Fuller, 1989; Ferencik et al., 2000) , have been demonstrated to be useful in maintaining the intestinal ecosystem and improving animal health. Because of a ban on the use of antibiotics, probiotics have been suggested as the most desirable alternative for livestock due to their beneficial effects. For example, Bacillus spp. have been suggested to improve growth rate and feed efficiency in piglets (Kyriakis et al., 1999) and in grower pigs (Succi et al., 1995) . Hong et al. (2005) also reported that various Bacillus spp. were used as antibiotic alternatives for humans and animals. Shon et al. (2005) observed that direct-fed microbials improved growth performance in growing-finishing pigs. However, the use of probiotics to improve meat quality has been questioned, and the results in pigs have been inconsistent. Some authors have reported advantages of probiotics on meat quality (Alexopoulos et al., 2004; Česlovas et al., 2005) , whereas others have observed negative results (Quadros et al., 2001) . These discrepancies may be due to variations in the animals and the probiotics used in their research. Moreover, to our knowledge, most of the studies conducted to evaluate the effects of probiotics have used the same dietary nutrient concentration for all treatments. Our previous study (Yan et al., 2009 ) indicated that energy is highly associated with feed intake, which may indicate that the intake of probiotics may be affected by the energy density of the diet. Therefore, we hypothesized that a relationship exists between dietary energy and probiotics. The objective of this study was to investigate the effects of a probiotic complex on the growth performance, apparent total tract digestibility (ATTD), and meat quality of growing-finishing pigs fed diets varying in energy and nutrient density.
MATERIALS AND METHODS
The experimental protocols were approved by the Animal Care and Use Committee of Dankook University.
Source of Probiotics
The probiotic preparation used in the current experiment is manufactured by a commercial company (Sporezyme, Woogene B&G Co. Ltd., Seoul, Korea). This product is composed of a mixture of spray-dried sporeforming Bacillus subtilis endospores and Clostridium butyricum endospores, which is guaranteed to contain at least 1.0 × 10 10 viable spores/g of B. subtilis endospores and 1.0 × 10 9 viable spores/g of C. butyricum endospores.
Experimental Design, Animals, and Housing
A total of 96 [(Landrace × Yorkshire) × Duroc] pigs with an initial BW of 47.50 ± 1.14 kg were used in a 10-wk experiment. Pigs were randomly allotted to 1 of 4 treatments in a 2 × 2 factorial arrangement with 2 levels of energy and nutrient density (low and high energy, CP, and Lys) and 0.2% probiotics according to their sex and BW (6 replicates, with 2 gilts and 2 barrows/pen). The pigs were subjected to a 2-period feeding program (Table 1) consisting of growing (0 to 5 wk) and finishing (6 to 10 wk) periods. The diets were formulated to meet or exceed the NRC (1998) nutrient requirements. All the pigs were housed in an environmentally controlled room with a slatted plastic floor in 24 adjacent pens (1.8 × 1.8 m). Each pen was equipped with a 1-sided self-feeder and a nipple waterer to allow the pig ad libitum access to feed and water throughout the experimental period. The target room temperature and humidity were 25°C and 60%, respectively. Pig BW were measured at the beginning, middle (5 wk), and end (10 wk) of the experimental period, and feed consumption was recorded on a pen basis during the experiment to calculate ADG, ADFI, and G:F.
Sampling and Measurements
Chromium oxide was added to the diet as an indigestible marker at 0.20% of the diet for 7 d before fecal collection at wk 5 and 10 for calculation of DM, N, and energy digestibility. Fecal grab samples were collected at random from at least 2 pigs in each pen (1 gilt and 1 barrow). All feed and feces samples were stored immediately at −20°C until analysis. Fecal samples were dried at 70°C for 72 h and finely ground to pass through a 1-mm screen. The procedures used for the determination of DM, N, and energy digestibility were in accordance with the methods established by the AOAC (1995) . Chromium concentrations were determined via UV absorption spectrophotometry (UV-1201, Shimadzu, Kyoto, Japan) and the ATTD of DM, N, and energy were calculated using indirect methods, as described by Fenton and Fenton (1979) .
At the end of the experiment, all the pigs were slaughtered at a local commercial slaughterhouse. Carcasses were chilled at 2°C for 24 h and a sample of the right loin was removed between the 10th and 11th ribs. The meat samples were thawed at room temperature before evaluation. Subjective meat color, marbling, and firmness scores were evaluated according to National Pork Producers Council (1991) standards. Immediately after the subjective tests were conducted, the lightness, redness, and yellowness values were measured at 3 locations on the surface of each sample (Model CR-410 Chromameter, Konica Minolta Sensing Inc., Osaka, Japan). At the same time, duplicate pH values of each sample were directly measured using a pH meter (Fisher Scientific, Pittsburgh, PA). The water-holding capacity (WHC) was measured in accordance with the methods described by Kauffman et al. (1986) . Briefly, a 0.3-g sample was pressed at 3,000 × g for 3 min at 26°C on a 125-mm-diameter piece of filter paper. The areas of the pressed sample and the expressed moisture were delineated and then determined using a digitizing area-line sensor (MT-10S, M.T. Precision Co. Ltd., Tokyo, Japan). The ratio of water:meat area was then calculated, giving a measure of WHC (a smaller ratio indicates increased WHC). Longissimus muscle area was measured by tracing the LM surface at the 10th rib, which was also conducted using the aforementioned digitizing area-line sensor. Drip loss was measured using approximately 2 g of meat sample according to the plastic bag method described by Honikel (1998) . Cook loss was determined as described previously by Sullivan et al. (2007) .
The 2-thiobarbituric acid-reactive substances (TBARS) were measured using the method described by Witte et al. (1970) . The TBARS values were expressed in terms of milligrams of malonaldehyde per kilogram of muscle. Trichloroacetic acid solution (20% wt/vol) was used for extraction. The chromium concentration was determined by spectrophotometry (UV-1201, Shimadzu).
Statistical Analyses
Data were analyzed as a completely randomized block design, with a 2 × 2 factorial arrangement, using GLM procedure (SAS Inst. Inc., Cary, NC). The main effects included dietary energy and nutrient density and Probiotics for growing-finishing pigs probiotic administration. For all response criteria, the pen served as the experimental unit. Because no effects were observed on blood urea N (BUN) and creatinine concentration, the data are not presented. Variability in the data was expressed as the pooled SE, and P < 0.05 was considered statistically significant, whereas P < 0.10 was considered a tendency.
RESULTS

Growth Performance
From 0 to 5 wk, pigs fed the high-energy and highnutrient-density diets had increased (P < 0.05) ADG and G:F compared with those fed the low-energy and low-nutrient-density diets (Table 2) . Likewise, pigs fed probiotics had increased (P < 0.05) ADG and G:F compared with pigs fed no additional probiotics. From 5 to 10 wk, high-energy and high-nutrient-density diets increased (P < 0.05) ADG and G:F compared with low-energy and low-nutrient-density diets. The ADG of pigs fed probiotics was greater (P < 0.05) than the ADG of pigs fed diets without probiotics. From 0 to 10 wk, pigs fed high-energy and high-nutrient-density diets or probiotics had increased (P < 0.01) ADG and G:F compared with pigs fed low-energy and low-nutrient-density diets or diets without probiotics. With probiotic supplementation, the increase in G:F tended to be much greater in pigs fed the low-energy and lownutrient-density diets than in those fed the high-energy and high-nutrient-density diets (density × probiotics, P = 0.07).
Nutrient Digestibility
An interaction (P < 0.05) effect between probiotics and energy and nutrient density was observed on ATTD of N at wk 10 and on energy at wk 5, in which the ATTD of N and energy increased more dramatically with probiotic supplementation in the high-energy and high-nutrient-digestibility diets (Table 3) . Additionally, the ATTD of DM at wk 5 and 10, N at wk 5, and energy at wk 10 had a tendency to increase (P < 0.10) when the high-energy and high-nutrient-density diet was fed with probiotic supplementation. Pigs fed the high-energy and high-nutrient-density diets had greater DM, N, and energy digestibility (P < 0.01) compared with those fed the low-energy and low-nutrient-density diets at wk 10. At wk 5, ATTD of N and energy increased (P < 0.05) in pigs fed the high-energy and high-nutrient-density diets or the probiotic-enriched diet. Pigs in the probiotic treatments showed greater N and energy digestibility (P < 0.05) compared with those in the nonprobiotic treatments at wk 5. 
Meat Quality
Firmness, WHC, cook loss, pH, and TBARS were unaffected by dietary treatment (Table 4 ). The lightness and yellowness values improved (P < 0.01) in the low-energy and low-nutrient-density diet groups compared with those in the high-energy and high-nutrientdensity diet groups. Pigs fed the high-energy and highnutrient-density diets had improved (P < 0.05) meat color scores, marbling scores, drip loss values, and LM area compared with those fed the low-energy and lownutrient-density diets. When diets with probiotics were fed, the color scores and redness values were improved (P < 0.01) compared with pigs fed diets without probiotics. Marbling and lightness values were decreased (P < 0.05) in diets with probiotics. With probiotic supplementation, firmness increased when pigs were fed the high-energy and high-nutrient-density diet and decreased when pigs were fed the high and low energy and nutrient density diets, respectively (density × probiotic, P < 0.01). No other differences were observed among treatments.
DISCUSSION
Effect of Probiotics
Dietary probiotic supplementation increased growth performance throughout the entire experiment, indicating that the probiotics indeed exerted some beneficial effect on the animal. Similarly, our previous study reported an increased ADG in growing pigs fed diets supplemented with complex probiotics (Lactobacillus acidophilus, Saccharomyces cerevisiae, and B. subtilis) at the amount of 0.2% (Chen et al., 2006) . Various studies have documented the beneficial effect of probiotics on pig growth performance. Jonsson and Conway (1992) suggested that dietary addition of Bacillus spp. led to an increase in the growth performance and health of pigs. Previous studies also indicated that dietary probi- Table 2 . Effects of supplementation of high-and low-energy and high-and low-nutrient-density diets with probiotics (Pro) on growth performance in growing-finishing pigs Ninety-six pigs with an initial BW of 47.50 ± 1.14 kg. Each mean represents 6 pens, with 2 gilts and 2 barrows/pen. High = high-energy and high-nutrient-density diet plus (+) or minus (−) 0.2% Pro; low = low-energy and low-nutrient-density diet plus (+) or minus (−) 0.2% Pro. Ninety six pigs with an initial BW of 47.50 ± 1.14 kg. Each mean represents 6 pens, with 2 gilts and 2 barrows/pen. High = high-energy and high-nutrient-density diet plus (+) or minus (−) 0.2% Pro; low = low-energy and low-nutrient-density diet plus (+) or minus (−) 0.2% Pro. Probiotics for growing-finishing pigs otic supplementation could exert better positive effects in nursery pigs (Fialho et al., 1998; Park et al., 2001; Shon et al., 2005; Lee, 2009 ) than in growing-finishing pigs because the digestive system, immunity, and capacity to resist intestinal disorders develop as pigs become older (Nousiainen and Setälä, 1993) . However, the results of probiotic supplementation are inconsistent. Kornegay et al. (1990) reported that there was no effect on the growth performance of finishing pigs from supplementing Lactobacillus acidophilus. Similarly, Kornegay and Risley (1996) suggested there was no effect on the growth performance of growing-finishing pigs from feeding Bacillus products. In the present experiment, ADG was increased throughout the experiment, but an increase in G:F was not observed in the finishing phase, which may confirm the idea that older pigs have a better capability to resist intestinal disorders. This was also supported by the increased digestibility observed in the growing phase, whereas this effect was not observed in the finishing phase.
The reason for improvement may likely be the effect of probiotics on the intestinal microbial system. Djouzi et al. (1997) reported that probiotics benefited the host microflora by improving the intestinal microbial balance. Furthermore, the microbial population of the gastrointestinal tract has a major influence in the modulation of enterocyte activity and the expression of tissue function (Collington et al., 1990) , which may also explain the improvement with probiotic supplementation. Additionally, for pigs in the probiotic treatments, BUN tended to decrease compared with no probiotic treatment (data not shown). Kohn et al. (2005) reported that greater BUN increased urinary N excretion and adversely affected N digestibility, which may explain the results observed in the present study.
Meat color is important because it affects the first impressions of the meat by consumers. Most consumers prefer pork that is reddish pink to pale colored. Data from the present study indicated that meat color scores and redness values were increased when pigs were fed diets with probiotics. Cho et al. (2005) observed that the redness value increased when pig diets were supplemented with probiotics. Pelicano et al. (2003) also observed that redness values in broilers were increased in probiotic-treated groups compared with a control group.
Effect of Energy and Nutrient Density
In the present study, a portion of the corn was substituted with soybean meal and tallow, which increased diet energy, CP, and fat. The increased energy and nutrient density improved the ADG in the present study, which is in agreement with previous studies by Quiniou et al. (1995 Quiniou et al. ( , 1996 and Quiniou and Noblet (1997) , who suggested that a low energy density could decrease ADG. Similarly, Yan et al. (2009) reported that increased nutrient density improved ADG and G:F in growing-finishing pigs and suggested it was highly associated with improved feed intake and digestibility, which may also explain the increased growth performance in the present study. Ninety six pigs with an initial BW of 47.50 ± 1.14 kg. Each mean represents 6 pens, with 2 gilts and 2 barrows/pen. High = high-energy and high-nutrient-density diet plus (+) or minus (−) 0.2% Pro; low = low-energy and low-nutrient-density diet plus (+) or minus (−) 0.2% Pro.
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Color score: 1 = pale gray, to 5 = dark purplish red; marbling score: 1 = devoid to practically devoid, to 5 = moderately abundant or greater; firmness core: 1 = very soft and very watery, to 5 = very firm and dry (National Pork Producers Council, 1991) . Moreover, the high energy and high nutrient density increased LM area and marbling scores, in agreement with the results of Ellis et al. (1996) and Le Dividich et al. (1987) , who reported that LM area increased in response to increasing dietary ME and that marbling score increased in response to nutrient intake. Some researchers reported that LM area decreased slightly with increasing dietary energy, but there were no statistically significant differences (Matthews et al., 1998 (Matthews et al., , 2003 Apple et al., 2004) . However, LM area has been shown to increase in response to an increase in dietary nutrient density (Grandhi and Cliplef, 1997; Cameron et al., 1999) , in agreement with results in the present study. The TBARS was increased numerically with increased energy and nutrient density compared with low energy and low nutrient density in the present study. Data from the present study indicated that the high-energy and high-nutrient-density diet increased lightness and yellowness values and decreased redness values compared with the low-energy and low-nutrient-density diet, which is in agreement with the results of Zhang et al. (2008) . The functioning mechanism of energy on the color of muscle remains unclear, and whether the effect was due to pigments in the feed ingredients requires further study. Castell et al. (1994) and Witte et al. (2000) reported that dietary nutrient density had no influence on drip loss percentage, whereas, in the present experiment, high energy and high nutrient density numerically increased water loss.
Interactive Effects Between Probiotics and Nutrient Density
In the current study, interactive effects of the probiotic and the nutrient density diet were observed in digestibility, meat quality, and feed intake. A greater improvement in digestibility (N and energy) was observed in the growing phase in response to probiotic supplementation with the high nutrient density. There seemed to be some interactions in feed intake and G:F in the present study. This may be due to the microflora balance in the gut being optimized, resulting in an improved utilization of nutrients. Moreover, the microflora balance could improve the conversion of feed to body mass, and subsequently increase the total metabolism of energy and nutrients. To our knowledge, experiments designed to examine factors that may affect the response to dietary probiotics are limited. However, Si et al. (2006) suggested that the diet is one of the main factors that modifies the antimicrobial effect of plant extracts in vitro. Thus, we suggest that energy and nutrient density influence the effects of probiotics on the GI tract and on subsequent pig performance.
In conclusion, dietary supplementation of probiotics increased growth performance throughout the experimental period and improved ATTD. Meat quality was improved when pigs were fed diets with increased energy and nutrient density. However, further research is needed to determine the optimal amount of probiotic supplementation in growing-finishing pigs.
